Hereditary pancreatitis (HP) is a rare heterogeneous disease with partial penetrance identified by frequent episodes of severe abdominal pain, often showing in young aged children. It is complicating by chronic pancreatitis, and high rate of pancreatic cancer (up to 40-50%). The aim of this work was to classify the most deleterious mutation in PRSS1 gene and to predict their influence on the functional and structural level by a variety of bioinformatics analysis tools. The raw data of PRSS1 gene were recovered from SNP database, and further used to examine a deleterious effect using SIFT, PolyPhen-2, PROVEAN, SNAP2, SNPs&GO, PHD-SNP, PANTHER and P-Mut. The functional analysis predicted that two SNPs "rs1366278558 and rs767036052" have a deleterious effect at functional level. Additionally, we submitted them to I-mutant 3.0, and MUPro respectively to investigate their effect on structural level; the two tools revealed that; two mutations have a dramatic decrease of the protein stability, thus suggesting that the M1R and L4P mutations of PRSS1 gene could destabilize the amino acid interactions causing functional abnormalities of PRSS1 protein. The 3D structure of PRSS1 was predicted by RaptorX and modeled using UCSF Chimera to compare the differences between the native and the mutant amino acids. From the comparative analysis at the functional and structural level, these two SNPs "M1R and L4P" have a deleterious effect and thus could be used as diagnostic markers to predict HP. These findings can be used as a platform to develop large-scale studies in the future.
Introduction
Hereditary pancreatitis (HP) is a rare heterogeneous disease with partial penetrance characterized by recurrent severe abdominal pain that manifest on juvenile age children. Progression to chronic pancreatitis is common with high rate of pancreatic malignancy (up to 40-50%) with almost 80% penetrance and flexible fluency. [1] [2] [3] [4] [5] The first warning sign appears early before 10 years old, upon which they will be mainly complaining of pancreatic pain (>70%). morphological variations as pancreatic calcifications are diagnosed at early age of 22-25 years. Exocrine and endocrine pancreatic deficiency happened in 34% and 26% of patients. [6, 7] The first family documented to have hereditary pancreatitis was described in 1952. [8, 9] after that about 100 families have been reported [4] , which they were encountered by physicians in different countries [3, [10] [11] [12] [13] [14] [15] [16] . HP is a progressive inflammatory disease in which pancreatic secretory parenchyma is destroyed and replaced by fibrous tissue [17] , as the disease progress it will eventually lead to malnutrition and diabetes. [18] Several studies show that; patients with HP have a significantly elevated risk of developing pancreatic cancer when compared with the overall people up to 40-50% [1, 16, [19] [20] [21] [22] , Also cigarette Smoking were found to rise the possibility factor for developing pancreatic malignancy in Patients suffering from Hereditary Pancreatitis. [23, 24] ISSN: 2456-7132 Available online at Journals.aijr.in
Novel Mutations within PRSS1 Gene that Could Potentially Cause Hereditary Pancreatitis: Using Bioinformatics Approach
Currently, there is no effective medical treatment for HP, but it can be managed by pancreatic enzyme replacement therapy along with analgesics to control the pain. In addition, endoscopic retrograde cholangiopancreatography (ERCP) and surgical intersections are reserved for complicated cases. [25] [26] [27] [28] [29] [30] [31] HP has mainly been related with mutations in the serine protease 1 gene (PRSS1). It has been mapped to chromosome 7 q35. [5, 20] Among all genes that was mentioned in the literature to have associations with hereditary pancreatitis PRSS1 gene is the most reported one [1, 5-7, 15, 26, 30, 32-36] , PRSS1 gene are found to encode human cationic trypsinogen. Furthermore Most high penetrance PRSS1 modifications will increase intra pancreatic trypsin activity. [37] Interestingly, mutations in PRSS1 gene may protect against the disease. [38, 39] In several studies (R122H), mutation in PRSS1 gene was strongly associated with hereditary pancreatitis [6, 25, 32, 40, 41] . The genetic makeup of the mutation in PRSS1 gene and full pathogenesis of by which it causes the disease is still unclear. [5] In vitro functional and characterization studies, is a highly demanding task in terms of workload, time and financial cost. For these reasons, computational analysis is an appropriate alternative that is more rapid and low-cost approach, which is why it has been used to study many types of inheritance diseases in the past years [42] [43] [44] to enrich our knowledge of the ways mutations could affect protein structure and function. The main objective of this work was to classify the most damaging SNPs that could be used as diagnostic markers. An extensive in silico approach using multiple software was used in this study, our result can be used as a platform to develop larger-scale studies in the future.
Materials and Methods

Data mining
The raw data of PRSS1 gene were retrieved from NCBI website by selecting the gene view from the main result page then downloading the resulted table in to an excel sheet [45] , furthermore the protein reference sequence was collected from Uniprot [46] 
Functional Investigation of Damaging SNPs
SIFT
Is the first in silico method for functional analysis, which calculates whether an amino acids alteration change protein function, or not. SIFT scores < 0.05 are expected to be damaging altered amino acid, otherwise it considered to be tolerant. [47, 48] from the single protein tools we choose sift sequence, then we inserted our reference sequence with the original parameters unchanged and download the resulting values. The disadvantage about this tool is the inability to provide result for two sequence variations with the identical position in the same time.
Polyphen-2
It's a trained machine learning to predict the possible effect of amino acid replacement on protein function and structure, by calculating Position Specific Independent Count (PSIC) for each SNP at the time. It provides accurate predictions with three possible output whether probably damaging (values are more rapidly to one), possibly damaging or benign (values are varieties from zero to 0.95.) [49, 50] we inserted the amino acid sequences after preparing it as the web site specification in to the batch query area on the site.
PROVEAN
It's very fast and accurate online in silico functional analysis tool that calculates whether specific amino acid replacement has an effect on the biological function of a protein depending on the alignment-based score. PROVEAN probability has two possibilities, deleterious or neutral with cutoff -2.5. [51] we choose (provean protein) choice from the web side and then inserted the reference sequence along with the amino acid variations without changing the parameter. Like SIFT, it can help the researcher identify mistakes in preparing the amino acid variations.
SNAP2
It is a trained functional analysis tool that differentiates between effect and neutral SNPs by taking a variety of features into validation. consumes more time to work with the result than other tools and it got an accuracy of 83%, with two expectations, effect (positive score) or neutral (negative score). But it still considered an important and substantial enhancement over other methods. [52] we directly run the prediction after entering the reference protein sequence.
SNPs & GO
It is a trained machine learning based on the technique to precisely calculate the deleterious associated alterations from protein sequence. SNPs&GO collects in unique framework information derived from protein sequence, evolutionary information, and function as coded in the Gene Ontology terms. SNPs&GO performs other prediction methods (PHD-SNP and PANTHER) [53] we uploaded both the reference sequence and the amino acid variations then submit them and downloaded the result .
The website provides friendly user environment with fast and reliable result.
P-Mut
It is a web-based tool for the explanation of SNPs alternates on proteins; it is characterized by fast and precise calculation. The mutations can be predicted to be either Neutral or disease causing. [54] we analyses the sequence and the variations through (analyzing mutations ) link on the web side using PMut2017 predictor.
Stability Investigation
I-Mutant 3.0
It's a structural analysis online tool for the routine analysis of protein stability by considering the single-site alterations. Negative I-Mutant scores are expected to decrease the protein stability, otherwise (positive) it considered to increase it. [55] It is relatively easy to use website. We selected the (protein sequence) category that is related to (Prediction of protein stability changes upon single point mutations) then we inserted the reference sequence, the position and the residue and highlighted the (DDG value and binary classification method) before finally submitting these inputs.
MUPro
It is a structural analysis online tool for the calculation of protein stability variations upon arbitrarily SNPs. The value of the energy change is expected, and assurance mark between -1 and one for evaluating the assurance of the expectation is calculated. A score < 0 means the mutant decreases the protein stability; conversely, a score > 0 means the mutant increases the protein stability. [56] 
ConSurf server
It is a web server offers evolutionary conservation summaries for proteins of known structure in the protein data bank. ConSurf spot the parallel amino acid sequences and run multi alignment methods. The conserved amino acid across species detects its position using specific algorisms. [57, 58] 
BioEdit
It is a software package proposed to stream a distinct program that can run nearly any sequences operation as well as a few basic alignment investigations. [59] The FASTA format sequences of PRSS1 protein were retrieved from UniProt and used as an input to locate and determine if the SNPs are located at conserved sites or not. Through ClustalW choice in the accessory applications.
GeneMANIA
It is a method to identify protein function and gene -gene interactions; it integrates multiple genomics and proteomics data to create reliable information about the function of unknown proteins, although some time it fails to know the functions of some proteins. [60] we inserted the gene name then we download the relevant result into an excel sheet.
3D Clustering Analysis
Mutation3D
It is a functional calculation and visualization online tool for investigating the threedimensional plan of amino acid alterations on protein models and structures. The input formats were the gene name and the SPNs of interest. [ It is a webserver to search protein 3D structures by bringing together structural information from several sources such as UniProt database. The main aims for the submissions in Project HOPE are to analysis and confirm results that we had it earlier.
[62] we upload the sequence without the identifications line then we defined the positions with the related amino acids. The advantage in using Project HOPE is the detailed information provided for each SNPs variation, but the main disadvantage would be the delay in the results that sometimes occurs for hours.
Displaying Amino Acid Mutations
For this task we used UCSF Chimera, It's for visualization and investigation of SNPs at the molecular level. Protein in Pdb format can be viewed by UCSF Chimera to scan the native and the mutant amino acids to observe the alterations that occur. [63] we study the structural changes mainly through (structure editing and rotamers ) tools in the chimera software .
Variant Effect Predictor (VEP)
The Ensembl Variant Effect Predictor software provides toolsets for an organized approach to annotate and aid prioritization of variants in both large-scale sequencing projects and smaller analysis studies. [64] 3 Results and Discussion
Results
Data related to the total number of SNPs in different regions of PRSS1 gene was retrieved from dbSNP database with the distribution of SNPs in coding and non-coding regions of PRSS1 gene (figure 1). Out of 911 SNPs there are 506 SNPs, contained 339 nsSNPs, 133 synonymous, 17 frame shit and 17 nonsense, with 26 in the 3′-UTR region and 11 in the 5′-UTR region (figure 2). These 339 nsSNPs were used to examine the deleterious effect on the associated protein. To identify the most deleterious nsSNPs, we toke the combined deleterious results from 8 functional tools, only the highly deleterious SNPs by SIFT, PolyPhen, PROVEAN, SNAP2, SNPs&GO, PHD-SNP, PANTHER and P-Mut, meet the criteria as illustrated in (Table 1,2 and 3) . Remarkably, only two SNPs (M1R and L4P) give positive results with all the tools. Further additional analysis were held for only these 2 SNPs.we submitted them to I-mutant 3.0, and MUPro respectively to investigate their effect on the structural level; the two tools revealed that, there is a dramatic decrease in the protein stability, thus suggesting that the M1R and L4P mutations of PRSS1 could destabilize the amino acid interactions causing functional abnormalities of PRSS1 protein. (Table 4) 
Discussion
Two mutations were predicted to have a potential major impact on the structure and function of the PRSS1 protein by using different computational analysis tools ( Figure 2 ). The approaches used were grounded on different characteristics and limitations that unmask the pathogenicity and deliver evidences about the influence of each mutation. In the past years in silico analysis has been done for several inherited diseases and tumor associated genes along with other disorders. [43, 65, 66] in this study we used computational in silico analysis of PRSS1 gene to study nsSNP effect on the PRSS1 protein that could lead to the development of Hereditary Pancreatitis . These SNPs were submitted to SIFT, PolyPhen, PROVEAN, and SNAP2 sever; we found 141 SNPs to be damaging by SIFT. In PolyPhen2, the results showed that 170 SNPs were found to be damaging (54 possibly damaging and 116 probably damaging showed deleterious). In PROVEAN server our result showed that 203 SNPs were predicted to be deleterious. While in SNAP2 server the result showed that 172 SNPs were predicted to be deleterious. The alterations in calculation abilities and result are likely duo to the fact that every prediction algorithm uses different sets of sequences and alignments. we submitted the four positive combined SNPs results from SIFT, PolyPhen-2, PROVEAN and SNAP2 ( We selected only the four positive combined results (disease-causing SNPs). (Figure 3 ) illustrate the relation between these soft wares. Additionally, we performed analysis by Mutation3D; our result shows that: (L4P) located in a domain, which indicates its vital significance ( Figure 4 ). The 3D protein structure analysis enables mapping of amino acid substitutions and, therefore, RaptorX was used to make a 3D structure model for PRSS1 protein ( Figure 5 ). To supports and matches the results acquired from different computational tools, we used UCSF Chimera. (Figure 6-7) shows the differences between native and mutant amino acids illustrated here in the green and red boxes. The schematic structures of the native amino acids are in the left side and the mutant ones are in the right side. The backbone, which is the same for each amino acid, is colored red and the side chain, unique for each amino acid is colored black, the 3D wide type residues colored green and mutant ones colored red, while the protein is colored dark gray. Project HOPE server was used to submit the two most deleterious nsSNPs (M1R) and (L4P). (rs1366278558): (M1R): Methionine changed to Arginine at position 1. As showed in ( Figure 6 ) this may decrease the protein stability which disrupts the amino acid interactions. (rs767036052):(L4P): Leucine residue changed to Proline at position 4. As showed in (Figure 7 ) the altered remain is smaller; this may cause loss of interactions. We also used ConSurf to flag the SNPs that are sited at highly conserved amino acid positions, which has a tendency be more damaging than SNPs that are sited at non-preserved positions. Our ConSurf analysis unmasked that (L4P) mutation was found in highly conserved site and expected to have a high influence on PRSS1 protein structure and function as illustrated in (Figure 8 ). To confirm our findings on (M1R & L4P) mutations, we used BioEdit (version 7.2.5) where Alignment of 10 amino acid arrangements of PRSS1 confirm their conservation and hence significance as evident in (Figure 9 ). GeneMANIA revealed that PRSS1 has many vital functions: blood microparticle, cobalamin metabolic process, extracellular matrix organization, extracellular structure organization, serine hydrolase activity, serine-type endopeptidase activity, serine-type peptidase activity. The associated genes contribute to accomplish similar function were demonstrated by GeneMANIA. on ( Figure 10 ) and ( *FDR: false discovery rate is greater than or equal to the probability that this is a false positive. The predicted variants consequences are shown in (Tables 8), VEP reported regulatory consequences for many variants, including 6 variants within a coding region, 2 variants within a non-coding region, 8 variants within upstream gene, 8 variants within noncoding transcript exon and 6 variant within start lost codon. in general any mutations within a coding region will likely affect the protein function, while regulatory variants within non-coding genomic regions can greatly affect the expression of protein [67, 68] , the SNPs in the upstream, 5'UTR region might affect transcription or translation process [69] In the light of our work, we agree with previous studies linking (P36R and V123M) with chronic pancreatitis [70] . We also support the previous findings relating these mutations to certain forms of hereditary pancreatitis. (P36R and V123M) may be associated with pancreatic cancer along other types of cancer and it has also been related in the past to familial Peutz-Jeghers syndrome [72] [73] [74] [75] , so this study can be used as a platform to develop large scale studies in the future in relation ISSN: 2456-7132 Available online at Journals.aijr.in Novel Mutations within PRSS1 Gene that Could Potentially Cause Hereditary Pancreatitis: Using Bioinformatics Approach to these disease . This study is the first computational analysis of PRSS1 gene which was based on functional and structural analysis while all earlier studies [31, 76] foxed on frequency and Whole exome sequencing. Furthermore, this study revealed two novel mutations (M1R, and L4P) that had a possible functional influence, which means that these SNPs could be used as diagnostic biomarkers for HP. Further wet lab studies are needed to confirm these results.
Conclusion
A total of two SNPs was predicted to have potential responsibility for the functional and structural alterations of PRSS1 gene. It is predicted from comparison of the results between various bioinformatics analysis tools; Out of a total of 911 SNPs in the PRSS1 gene, 506 were nsSNPs; out of 506 nsSNPs, two were found to be the most deleterious nsSNPs (M1R and L4P) by eight functional analysis tools. Stability analysis results showed a dramatic decrease of the protein stability. These two SNPs may assist as diagnostic biomarkers for the prognosis of HP and may be used as a platform to develop large-scale studies in the future.
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